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(54) Reporter gene construct for the detection of HIV rev and HIV tat 



(57) The present invention relates to a reporter gene 
construct for the detection of the HIV Rev and HIV Tat 
proteins. Furthermore, the invention relates to a func- 
tionality test method for Rev and Rev fusion proteins 
prepared in a recombinant manner, a method of screen- 
ing for sequences of different origin for their activity as 
an instability element, a method of screening for se- 
quences which cause the transport out of the nucleus 
into the cytoplasm by binding to cellular or other viral 



shuttle proteins, as well as to a method for the detection 
of HIV-infected cells. The reporter gene construct ac- 
cording to the present invention, after it has been intro- 
duced into cells, in the presence of HIV Rev and HIV Tat 
proteins results in the formation of reporter proteins 
which may be used for quantitative/qualitative detection 
of the HIV Rev and HIV Tat proteins. 
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Description 

[0001] The present invention relates to a reporter 
gene construct for the detection of the HIV Rev and HIV 
Tat proteins. Furthermore, the invention relates to a 
functionality test method for Rev and Rev fusion pro- 
teins prepared by recombinant DNA technology, a meth- 
od of screening for sequences of different origin for their 
activity as an instability element, a method of screening 
for those sequences causing transport out of the nucle- 
us into the cytoplasm by binding to cellular or other viral 
shuttle proteins as well as to a method for the detection 
of HIV-infected cells. 

[0002] Rev and Tat are regulatory factors of the hu- 
man immunodeficiency virus (HIV). They are among the 
first proteins to be synthesized in infected cells, and both 
are stimulators of HIV gene expression. The biological 
activity of Tat and Rev is important for the amount of 
virus production by infected cells. For example, the low 
HIV production which is characteristic for human astro- 
cytes is associated with a 1 0time decreased activity of 
HIV Rev (Ludwig et al. f 1999, J. Virol. 73:8279-8289). 
[0003] This importance mentioned above of Rev and 
Tat for the amount of virus production renders them par- 
ticularly suitable for methods for the detection of HIV in- 
fection. 

[0004] At present, there are two types of REV reporter 
systems which use either (1 ) HIV Gag proteins (e.g. vec- 
tor pBR37R (Ludwig et al., 1999, J. Virol. 73: 
8279-8289)) or (2) a heterologous protein (e.g. chloram- 
phenicol acetyl transferase = CAT; pDM128, Hope T.J. 
et al., 1990) as a reporter for Rev activity. In both sys- 
tems the Rev reporter protein is detected in an indirect 
manner, i.e. either by means of antibody-ELISA (Gag, 
CAT) or, in the case of pDM128, by a functional CAT 
test. Both reporter proteins are detected in lysates of 
transfected cells for which several thousands of trans- 
fected cells must be employed. 

[0005] The main disadvantages of the "gag-ELISA" 
are the relatively high efforts with respect to time and 
materials, the requirement of cell lysis (no further use of 
the cell population is possible), and the high costs (the 
techniques used so far are based on detecting Rev ac- 
tivity by the so-called "batch" method (antigen detection 
in the extract of lysed cells)). 

[0006] So far, there have also been approaches which 
only detect the above-mentioned HIV Tat protein. Re- 
porter gene constructs have been employed for this de- 
tection which for example express green fluorescent 
protein under the control of HIV LTR and thus in a Tat- 
dependent (but Rev-independent) manner (see Dorsky 
et al., J Acquir Immune Defic Syndr Hum Retrovirol, 
1996 Dec 1 ; 13(4):308-313 Detection of HIV- 1 infection 
with a green fluorescent protein reporter system) . 
[0007] Therefore, with regard to the disadvantages 
cited above the object of the present invention is to pro- 
vide a highly specific reporter gene construct which may 
be used to perform H IV Rev-and Tat-specif ic test assays 



using living cells on a single cell level in a quick and 
cost-effective manner. 

[0008] This object has been achieved by the features 
indicated in the independent claims. Preferred embodi- 
5 ments of the invention are set forth in the dependent 
claims. 

[0009] The invention enables the detection and quan- 
tification of the function of HIV Rev and Tat proteins in 
living cells on a single cell level. The test is based on a 
10 qualitative and quantitative evaluation, and possibly se- 
lection and further cultivation of Rev-containing cells by 
means of the expression of a reporter gene. To achieve 
this Rev-dependent expression of the fluorescent pro- 
tein, a reporter plasmid is used which is introduced into 
15 the cells to be tested. 

[0010] This reporter plasmid has the following ele- 
ments in functional association: 

a) a promoter; 

b) a TAR (Tat activation response) element; 

c) a reporter gene; 

d) a HIV Rev responsive element (RRE); 

e) a transcription termination signal and a polyade- 
nylation signal. 

[001 1] The reporter construct according to the inven- 
tion can be transferred into cells (for example by trans- 
fection, microinjection etc.), and the recipient cells are 
analyzed after a defined time period. This time period 
depends on the amount of vector, e.g. plasmid trans- 
ferred, the cell type, and the amount of Tat and Rev pro- 
teins produced in the cells to be examined. 
[0012] Since the presence of Tat in the cell is required 
to enable an efficient elongation of transcription, reason- 
able amounts of the reporter mRNA will only be pro- 
duced in those cells which contain functional Tat. In the 
further course, functionally active Rev is required for the 
transport of the reporter mRNA into the cytoplasm which 
would otherwise be retained in the nucleus and would 
be degraded. Rev-dependence is enhanced if the re- 
porter gene construct of the invention contains an insta- 
bility element (INS) in the reporter mRNA. Only in the 
case of an efficient transport of the mRNA into the cy- 
toplasm translation of the reporter gene will be apparent. 
[0013] Not before both proteins Rev and Tat are 
present inside the cell in a functional form (as in the case 
of e.g. transfection of the respective expression plas- 
mids, microinjection or transfection of the functional pro- 
teins) a strong expression of the reporter protein will be 
achieved. This may be documented and observed 
quickly and easily on single cell level and in cell popu- 
lations using known procedures like fluorescence or la- 
ser scanning microscopy or flow cytometry. 
[001 4] An advantage of the newly developed reporter 
construct is its uncomplicated and cost-effective use 
(only one plasmid is necessary) by which almost any 
large number of cells may be subjected to screening. 
Another advantage is the fact that single cell analyses 
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may be performed. This is of particular importance for 
diagnostic detection of low amounts of infected cells in 
patients suffering from a HIV infection. For this purpose, 
the method of choice is fluorescence flow cytometry 
which also enables the selection and further cultivation 
of the selected cells. 

[001 5] By means of the invention it is possible for the 
first time to measure the activity of Rev in living cells on 
a single cell level in a quick and cost effective manner. 
[0016] The present receptor construct contains all 
HIV elements causing expression dependence of Tat 
and Rev in association with a heterologous reporter. 
This serves to achieve a very high specificity for the ac- 
tivity of these HIV factors. In contrast to present Rev re- 
porter systems (see above) a reporter protein (encoded 
by a reporter gene) is used which can either be detected 
itself or by the formation of respective non-toxic prod- 
ucts in living cells and therefore enables directly the de- 
tection of the reporter. These reporter proteins include 
for example fluorescent proteins (e.g. with red, .yellow, 
or blue fluorescence), or enzymes metabolizing a cellu- 
lar dye, or briefly all proteins which may be detected 
without cell fixation on a single cell level via non-toxic 
products. As an example for enzymes metabolizing a 
cellular (or cell penetrating) dye, the enzymes beta-ga- 
lactosidase, beta-glucuronidase and luciferase can be 
used. The use of such reporter proteins also contributes 
to an increase in specificity and enables a quicker and 
more cost-effective test procedure. 
[001 7] The term "promoter" as used in the claims and 
the specification is meant to include any transcriptional 
control unit capable of intitiating transcription and in- 
cludes regulatory elements such as enhancers and oth- 
er regions binding transcriptional control factors. 
[0018] The reporter gene construct according to the 
present invention preferably contains instability ele- 
ments (INSs). These instability elements, preferably de- 
rived from HIV RNA, inhibit expression in the absence 
of Rev. By incorporation of these INSs into the construct 
downstream of the reporter, maximal inhibition of report- 
er expression is achieved in the absence of Rev without 
effecting the translation of the reporter in the presence 
of Rev. Thus, due to the presence of INSs, the reporter 
systems shown an extremely low "background" without 
Rev. A detailed description of the INSs may be found in 
the publication by Schneider R. et al., Journal of Virolo- 
gy, July 1997, pages 4892-4903 which is incorporated 
hereby by reference in its entirety. 
[0019] The INS is incorporated into the reporter con- 
struct downstream of the reporter gene sequence. If a 
termination sequence for protein synthesis (see below) 
is included in the construct directly following the reporter 
gene sequence, the INS will be incorporated between 
this termination sequence and the HIV Rev responsive 
element (RRE) (see also Fig. 3). According to the inven- 
tion, one or more INSs may be included in the construct. 
By repetitive inclusion of INS sequences the "back- 
ground" described above may be further minimized (in 



this respect, see also Fig. 3). 

[0020] Furthermore, the reporter gene construct pref- 
erably also contains a termination signal for protein syn- 
thesis downstream of the reporter gene sequence. 

5 [0021] According to a preferred embodiment, the in- 
stability element is derived from the genome of HIV, e. 
g. from the INS portions of the gag region of HIV, and 
may for example consist of bases No. 379-1424 of the 
HIV HXB2R genome (see also Schneider et al. , supra). 

10 [0022] The reporter construct according to the inven- 
tion finds use in a method for in vitro detection of HIV 
infected eukaryotic cells. In this method, the reporter 
gene construct according to the present invention is in- 
troduced into cells, the cells are harvested after a de- 

15 fined period of time, and eventually a determination of 
the presence/amount of the reporter protein will be car- 
ried out. As a defined period of time, a time interval of 
about 24 h has proven to be particularly advantageous. 
The cells, in which the inventive reporter gene construct 

20 is introduced in this case, are preferably living human 
cells, in which Rev and Tat are potentially expressed. 
[0023] The reporter gene construct preferably en- 
codes a fluorescent protein wherein the determination 
of the protein is carried out by means of fluorescence 

25 microscopy or FACS. Preferred proteins are well known 
fluorescent proteins like green fluorescent protein (for 
example, from Aequoria victoria) or red fluorescent pro- 
tein from coral; or DsRed obtained from Clontech. Any 
other variation of a fluorescent protein may be consid- 

30 ered. 

[0024] Moreover, the present invention provides a 
method of screening for gene sequences for their activ- 
ity as an instability element or as Rev responsive ele- 
ment (RRE). In this method, a test sequence is substi- 

35 tuted for the instability element or the Rev responsive 
element (RRE) of the inventive reporter gene construct, 
cells are transfected with this test reporter gene con- 
struct, and eventually the expression of the reporter 
gene is compared to the expression of the original re- 

40 porter gene construct in the presence of Tat and Rev. 
The term test sequence, as used in the description and 
the claims, encompasses all gene sequences, which 
theoretically could positively influence the expression 
and/or synthesis of the reporter gene construct of the 

45 present invention. Those test sequences might be de- 
rived, for example, from the human genome orf rom viral 
genomes. 

[0025] In practice, such a screening method might be 
performed by providing to sets of cells, wherein one set 

so is transfected with the inventive (original) reporter gene 
construct, and the other is transfected with the test re- 
porter gene construct. Afterwards, expression of the re- 
porter gene is compared in both sets of cells. A compa- 
rable or even higher expression of the reporter gene in 

55 the cells transfected with the test reporter gene con- 
struct indicates that the test sequence, which has been 
substituted for the original Rev-responsive sequences 
(ARE) and/or INS might have a similar function. 
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[0026] On the other hand, a reporter construct lacking 
the ARE can be used to detect novel INS elements, by 
assaying for diminished production of the reporter pro- 
tein when comparing with a similar construct lacking the 
INS or containing the INS in antisense orientation. . 
[0027] The reporter construct can also be used for 
functional screening of Rev or Tat mutants or identifica- 
tion of other proteins of cellular or viral origins with sim- 
ilar functions as Tat or Rev. Furthermore, it can be used 
to identify Tat-responsive promoters of cellular or viral 
orgin Furthermore, the present invention provides a 
method of screening for gene sequences which cause 
the transport out of the nucleus by binding to cellular or 
other viral shuttle proteins wherein the Rev responsive 
element of the reporter gene construct according to the 
invention is replaced by a test sequence and afterwards 
cells are transfected with this reporter gene construct, 
and the expression of this test reporter gene is com- 
pared to the expression of the original reporter gene 
construct in the presence of Tat and Rev. 
[0028] If test sequences have been tested positive in 
the above described methods, this information is of im- 
portance for the understanding of regulatory and cell bi- 
ological processes, the modulation of expression levels 
of transgenes for stable expression. A transgene in this 
context is defined as a gene (in form of a suitable gene 
construct), which has been transferred from one species 
to another. 

[0029] Further, there is provided an expression vector 
containing a reporter gene construct according to the 
present invention, an eukaryotic or prokaryotic cell 
transformed by this expression vector as well as RNA 
produced by the transcription of one of the expression 
vectors according to the invention. 
[0030] Representative examples of appropriate cells, 
in which the reporter gene construct is introduced in the 
above described methods (not including the method for 
HIV detection, which utilizes human cells) are including 
bacterial cells, such as Streptococci, Staphylococci, E. 
coli, Streptomyces and Bacillus subtilis cells; fungal 
cells, such as yeast cells and Aspergillus cells; insect 
celts such as Drosophila S2 and Spodoptera Sf9 cells; 
animal cells such as CHO, COS, HeLa, C127, 3T3, 
BHK, HEK 293 and Bowes melanoma cells; and plant 
cells. 

[0031] A great variety of expression systems can be 
used, which incorporate the reporter gene construct, for 
instance, chromosomal, episomal and virus-derived 
systems, e.g., vectors derived from bacterial plasmids, 
from bacteriophage, from transposons, from yeast epi- 
somes, from insertion elements, from yeast chromo- 
somal elements, from viruses such as bacu I ©viruses, 
papova viruses, such as SV40, vaccinia viruses, aden- 
oviruses, fowl pox viruses, pseudo-rabies viruses and 
retroviruses, and vectors derived from combinations 
thereof, such as those derived from plasmid and bacte- 
riophage genetic elements, such as cosmids and 
phagemids. Generally, any system or vector which is 



able to maintain, propagate or express a polynucleotide 
to produce a polypeptide in a host may be used. The 
appropriate nucleotide sequence may be inserted into 
an expression system by any of a variety of well-known 
s and routine techniques, such as, for example, those set 
forth in Sambrook et a!., MOLECULAR CLONING, A 
LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1989). 
[0032] Generally, introduction of the reporter gene 
construct into the above described cells can be effected 
by methods described in many standard laboratory 
manuals, such as Davis et al., Basic Methods in Molec- 
ular Biology (1986) and Sambrook et al, Molecular 
Cloning: A Laboratory Manual, (supra). Preferred such 
methods include, for instance, calcium phosphate trans- 
fection, DEAF-dextran mediated transfection, transvec- 
tion, microinjection, cationic lipid-mediated transfection, 
electroporation, transduction, scrape loading, ballistic 
introduction or infection. 

[0033] Finally, the present invention comprises a 
functionality test for Rev and Rev fusion proteins pre- 
pared in a recombinant manner wherein cells are trans- 
fected with a reporter gene construct according to the 
invention and wherein the cells are co-transfected with 
an expression plasmid, or the test is carried out in a cell 
line expressing Tat in a stable manner. 

Description of the drawings: 



Fig. 1 shows a reporter gene construct according to 
the present invention. 

35 Fig. 2 shows a diagram of the fluorimetric detection 

of the expression of the early HIV proteins Rev and 
Tat on a single cell level. 

Fig. 3 shows a comparison of the plasmids pLRed, 
40 pLRedR, pLRedlNSR, and pLRed2xlNSR. 

Fig. 4 shows the Rev-dependent expression of the 
reporter using pLRedlNSR and pLRed2xlNSR as 
examples. 

45 

[0035] Referring to an embodiment of the invention, 
Fig. 1 shows a reporter construct according to the in- 
vention which contains, together with the reporter gene, 
the RNA binding element for Rev (called ARE = Rev re- 
50 sponsive element), and HIV RM- elements (so-called 
instability elements = INSs) inhi:: =g the expression in 
the absence of Rev. By incorpcr^ing these INSs into 
the system according to the invention downstream of the 
termination signal for the reporter, maximal inhibition of 
55 reporter expression in the absence of Rev is achieved 
without affecting reporter translation in the presence of 
Rev. 

[0036] Into the present embodiment, a portion of the 
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HIV gag gene has been introduced in which several IN- 
Ss have been identified so far (Schneider et al., 1997). 
In the reporter construct according to the present inven- 
tion the INSs are localized outside of the regions encod- 
ing the reporter and therefore do not affect the synthesis 
of the reporter on a translalional level. 
[0037] The reporter construct depicled in Fig. 1 con- 
sists of the following elements: 

5"-LTR: contains the transcriptional regulatory unit 
(promoter/enhancer) and, 3* of the mRNA start site, 
the TAR (Tat activation response element) to which 
the Tat HIV protein binds. Tat is required for efficient 
elongation of the mRNA transcripts 

Red: Red fluorescent protein (in this case: OsRed 
obtained form Clontech; any other variation of a flu- 
orescent protein may be considered; however cer- 
tain variations (green, red) are preferable for sub- 
sequent FACS analyses). Downstream of the gene 
sequence encoding the red fluorescent protein 
there are STOP codons (termination signals) so that 
the translation will always end at this point and 
DsRed will be the only protein expressed observed 
in the assays (S1). The gene has been amplified 
from vector pDSRed1-N1 commercially available 
from CLONTECH. 

P17/24: 1060 bp region derived form the gag por- 
tion of HIV (bases No. 379-1424 of the genome of 
HXB2R). The so-called INS regions contained 
therein render the mRNA unstable in the absence 
of Rev, i.e. inhibitthe efficient transport of the mRNA 
into the cytoplasm by the machinery of the cell. 

RRE: Rev responsive element; contains the binding 
site for the viral shuttle protein Rev thereby enabling 
it to transport the mRNA into the cytoplasm and pre- 
vent its degradation in the nucleus. 

3'-LTR: End of transcription and mRNA polyade- 
nylation signal 

[0038] As depicted in Fig. 2, cells are transfected, mi- 
croinjected etc. by means of the reporter construct ac- 
cording to the invention, and these cells are harvested 
and analyzed after a defined time point. This time point 
depends on the amount of plasmid transfected, the cell 
type, and the amount of Tat and Rev proteins in the cells 
to be examined. For typical cell culture experiments, a 
time interval of 24 h will be optimal. 
[0039] Since the presence of Tat in the cell is required 
to enable an efficient elongation of transcription reason- 
able amounts of the reporter mRNA will only be pro- 
duced in those cells which contain functional Tat. 
[0040] In the further course, functionally active Rev is 
required for the transport of the reporter mRNA into the 
cytoplasm which would otherwise by retained in the nu- 



cleus due to the instability elements contained on the 
mRNA and be degraded. Only in the case of an efficient 
transport of the mRNA into the cytoplasm translation of 
the red fluorescent protein will be initiated. 

5 [0041] Not before both proteins Rev and Tat are 
present inside the cell in a functional form (as in the case 
of e.g. transfection of the respective expression plas- 
mids, microinjection or transfection of the functional pro- 
teins) a strong expression of the fluorescent protein will 

10 be achieved. This fluorescence may be documented 
and observed quickly and easily on a single cell level 
using a fluorescence microscope or a FACS. 
[0042] Figure 4 shows a schematic representation of 
the Rev-dependence of two reporter constructs by 

15 means of FACS analysis. HeLa Tat cells were transfect- 
ed with a reporter construct (upper FACS plots: pLRed- 
INSR; lower FACS plots: pLRed(2xlNS)R) and each 
with a green fluorescent transfection control (left plots) 
and a green fluorescent Rev fusion protein (right plots). 

20 Cells which are strongly positive for expression of the 
red fluorescent reporter are localized high up in the right 
upper quadrant. Transfected cells which are positive on- 
ly for the constitutively expressed transfection control 
are localized in the lower right quadrant. Untransfected 

25 cells are in the lower left quadrant. It is clearly seen that 
in the presence of Rev far more reporter protein is ex- 
pressed and that the two constructs differ in their Rev- 
dependence (the construct of the lower plots is much 
more dependent on Rev). 

30 

Example: 

[0043] In an experiment, HeLa cells were transfected 
with different combinations of the plasmids described 
35 and analyzed for the expression of fluorescent proteins. 
[0044] HeLa cells were transfected with the con- 
structs described and analyzed by means of FACS anal- 
ysis: 

40 FACS analysis: 

[0045] For the analysis of the Tat- and Rev-dependent 
expression of the fluorescent reporters, HeLa and He- 
LaTat cells were used. 

45 [0046] Cells were seeded into 60 mm culture dishes 
and transfected after 24 h with the reporter constructs 
and a transfection control (GFP), and with the reporter 
constructs together with an expression construct for a 
Rev-GFP fusion protein, respectively, using different 

so methods. The method used was calcium phosphate co- 
precipitation (Cell Phect, Amersham Pharmacia) and 
FuGene (Roche). The results obtained were independ- 
ent of the method used. 

[0047] 24 hours following transfection the cells were 
55 harvested, resuspended in PBS and then subjected to 
FACS analysis (FACS plots: see Figures F1 and F2). 
The analyses were carried out using a Calibur FACS de- 
vice and CellQuest software of Becton Dickinson com- 
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pany. 

[0048] For the evaluation, between 20,000 and 
100,000 cells of. a healthy homogenous cell population 
were examined for their fluorescence. For this purpose, 
the green fluorescence of the transfection control and 
the Rev-GFP fusion protein, respectively, were plotted 
against the red fluorescence of the reporter protein in a 
2D plot. For the evaluation, the number of green fluo- 
rescent cells showing a strong red fluorescence was de- 
termined. Repeated experiments showed that the ex- 
pression of the reporter depends strongly (pLREdlNSR) 
and extremely strongly (pl_Red(2xlNS)R), respectively, 
on the presence of Rev. In the case of the reporter 
pLRed(2xlNS)R no unspecific background could be ob- 
served in the experiments performed. 
[0049] As has also been demonstrated, the presence 
of Tat is a prerequisite for these experiments. 



Claims 

1. A reporter gene construct containing the following 
functionally linked elements: 

a) a promoter; 

b) a TAR (Tat activation response) element; 

c) a reporter gene; 

d) the Rev responsive element (RRE) of HIV; 

e) a transcription termination signal and a poly- 
adenylation signal. 

2. A reporter gene construct according to claim 1 fur- 
ther containing a protein synthesis termination sig- 
nal downstream of the reporter gene sequence. 

3. A reporter gene construct according to claim 1 or 2 
further containing one or more instability elements 
(INSs) downstream of the reporter gene sequence 
or, if present, downstream of the termination signal 
of protein synthesis. 

4. A reporter gene construct according to any of the 
preceding claims wherein, the reporter gene en- 
codes a fluorescent protein. 

5. A reporter gene construct according to claim 4 
wherein, the reporter gene encodes a red fluores- 
cent protein. 

6. A reporter gene construct according to any of the 
preceding claims wherein the instability element is 
derived from a HIV genome. 

7. A reporter gene construct according to claim 6 
wherein the instability element consists of the INS 
portions of the gag region of HIV. 

8. A reporter gene construct according to claim 7 



wherein the instability element consists of bases 
No. 379-1424 of the genome of HIV HXB2R. 

9. A method for the in vitro detection of HIV-infected 
5 eukaryotic cells wherein 

a) a reporter gene construct according to any 
of the claims 1-8 is introduced into the cells; 

b) the cells are harvested after a defined time 
10 period; and 

c) a determination of the presence/quantity of 
the reporter protein is carried out. 

10. A method according to claim 9 wherein the reporter 
15 gene construct encodes a fluorescent protein, and 

wherein the protein determination is performed by 
means of fluorescence microscopy or FACS. 

11. A method according to claim 9 or 10 wherein the 
20 defined time period is about 24 h. 

12. A method of screening for gene sequences for their 
activity as an instability element wherein 

25 a) the instability element of the reporter gene 

construct according to any of claims 3-8 is re- 
placed by a test sequence; 
b) this test reporter gene construct is intro- 
duced into cells; 
30 c) the expression of the reporter gene of the test 

reporter gene construct is compared to that of 
the reporter gene construct according to claim 
3-8 in the presence of Tat and Rev. 

35 13. A method of screening for gene sequences which 
cause the transport out of the nucleus by binding to 
cellular or other viral shuttle proteins wherein 

a) the Rev responsive element of the reporter 
40 gene construct according to claim 1-8 is re- 
placed by a test sequence; 

b) this test reporter gene construct is intro- 
duced into cells: 

c) the expression of the reporter gene of the test 
45 reporter gene construct is compared to that of 

the reporter gene construct according to claim 
1 -8 in the presence of Tat and Rev. 

14. An expression vector containing a reporter gene 
so construct according to any of the claims 1-8. 

15. An eukaryotic or prokaryotic cell transformed by an 
expression vector according to claim 14. 

55 16. An RNA produced by transcription of any of the ex- 
pression vectors according to claim 1 -8. 

17. A functionality test for Rev and Rev fusion proteins 
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prepared in a recombinant manner wherein 

a) a reporter gene construct according to any 
of the claims 1-8 is introduced into cells; 

b) the cells are co-transfected with a Tat ex- s 
pression plasmid, or 

c) the test is carried out in a cell line expressing 
Tat in a stable manner, or 

d) the test is carried out in the presence of re- 
combinant Tat protein; and afterwards 10 
c) the cells are harvested after a defined time 
period; and 

f) the presence/quantity of the reporter protein 
is determined. 

15 

18. A method of screening for Rev or Tat mutants or 
identification of other proteins of cellular or viral or- . 
igins with similar functions as Tat or Rev, wherein 

a) the reporter gene construct of any of claims 20 
1 -8 is introduced into cells; 

b) the expression of the reporter gene of the 
reporter gene construct in said cells in the pres- 
ence of Tat and Rev is compared to that of the 
reporter gene construct in the presence of Rev 25 
or Tat mutants or said other proteins of cellular 

or viral origins with similar functions as Tat or 
Rev. 

30 
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Figure 2: Fluorimetric detection of the expression of the early 
HIV proteins Rev and Tat on a single cell level 
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